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# 

mm^] mmm 

±fH#a'f4SliCu P d3b^e>^y. CuHP d iKDm^it^, ^ti^tiClO 
0-a) , a {alt. m^%^m-to ) tLtaH^. 

±^mimmMi5j:z^±mm^t^mmit. n i Fe^f^ticoN i Fe*^?>J5; 

Co. Ni. SJitJ^F e <Z)MfiKi:b5:> -etl^tlb, c, d (b, c, d li. 

^(DM^IiH*^ 0^b^75, 15^c^9 5, 5^d^40 (b + c + d = 

1 0 om^%) T'feU, 

it^^mt. ±^mit m:^mt ±mm^t ^mmt:(Dm^ mizmm-t^ 

±m^M^Mit. CuPt*^^j5;U> Cu, Pt <Z>m^it^> 
■eti-rti (1 0 O-e) , e (eli, M^%$:*-to ) ilLfeh^, 
^(D$I^|gffl7b^ 5<e<20T'fe*J, 

±fHa'fl:@^M®.t>'±fBM&aMli. N i Fe*;tliCoN i Fe*^ 



1 
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Co, Ni, FemMit^^ -etl-^tlb, c> d (b, c, d li, ^tl^tlM 
5^d^4 0 (b + c + d=10 0M^%) T'feU, 

[»^^3] ±SB>^tr>A;i':/]^li, aSO. lkmol/L(Z)N a C l^?gcfi 
+ 0. 4 [V vs SHE]j^^±i:^s^i:S:#t5:i:-t-5lt#^i X{±2ic|a«(Z)?S^^S 

kmoi/L®N a c 1 ^?Kttilc|R^$ti;ti:^lcM^$n'SS2i7K^«MJc*ft-S^ 

+0. 4 [V vs sm&.±t.fj:^Zt.^i^WLt-t^m^^lXlt2Km 
[0 0 0 1] 

:^nm it. m%mmmi^ nmm^^jt'^'^^ mn.m^(omm ^no mmm^ hlx 

[0 0 0 2] 
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[0 0 0 3] 
[0 0 0 4] 

GMR^^^li, -M<Dm^Mxi¥m'\i.m^^WLXt£^:7.}:fyA;\y:rm^mi' 

^ ^yy^ti^-'M(Dm^m(Dm'(t<DmMnmzm^Lxmt-t^. \i^tD^^ui<im 
m-t^0m^mtt)mm-^nr=.mm^mLx\^^^. 

[0 0 0 5] 

y^}:fyAj\y^m^mmLt^GMRm^xit. Mmmfi^mu^n^n. Mm 
$^<Di<^-^^\»i^izm\^xmit^mm(Dmit:^\^ii^mt-r^o ^vx. mit^m 
m<Dmit:^mtim^m&m(Dmit:^mizMvx. ^^i^i i^^n) ttst^t^, 

Z(Dy(.\dyAAy':fmizmn^±y:Kmm(Dmfftmtl^^iziifj^^o a-fbSft 

m<Dmit:^mti'^m^\:m&m(Dm^t:^mizMLx. m-:^m (W) tfj^^n^iz 

, :i(D7.\£yA;]y-:rmJ,zm,ti^'^y^nm<D^tfiUtf^M^l-^i:.tjt^o 

[0 0 0 6] 

iiVN-Jo ) ic^3VNTii> CMRm^i>zMLX-^(DiEy^mm^^^-t^t. M 

mmmi^tf'^<om-^mmzi:s>\:^x. z.<DGMRm^^^ns>-\Ey :^mmoyms. 
ni)mit-t^^iiizt3i*). ^<D'^y:^m^(Dm&m<Dmt^^m-r^^t.iz^-D 
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[0 0 0 7] 

m^^^m, 1 ] 

y^ViJJV- V\£=L'- • If- (Physical Review B), ||4 3 H 1 

pi297-'Pi3oo mm^^mm\ziBn ^ui<iM>%mjmmi 

(Giant Magnetoresi stance in Soft Ferromagnetic Multilayers) 

mm^m 1 ] 

mm^ 8-111010 ^^jkm 

[0 0 0 8] 

^^y F;^^^^lCGMR/\^y F*^#l?^Stife«|jt&«'L/, m%'r 7^ ^ <Dmm.\Z 
[0 0 0 9] 

M®ai5 ic GM R /\ ^y F7?)^?^^7=— ^® ^ft:S" 1^ i&ii[3c-r a :^ r^a^c*f L T T V 

>^ :^ l:i T M ^ ^ J: (C @H tt $ n 5: ^ b T V ^ -5 . 
-^LT. F U-vT'li, ?^^7^-:/7()^fS«F^Alc^bT|{4s?)lc^^? 

bfjif)^^, mm\^^^tf^m^mmv. 3®imiKF^A{cfi;^$nfeGMR/\>y f 

{Cj:oT, >^tc^t- ^S^l&f^*^?t)4xS = 

[0 0 10] 

F U -v^cj3V^T^*> GMR/\»y FiH^^T--::^i:®r^<^iSlt> V^t) 
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[0011] 

t (D mizm < mmtsti^iz^ < ^ *; , m^T^--:^ ^ laiu k ^ a ©as y #^ c 

K F ^ A h (7) tc i!r < ^ ^ i7 /JN $ < -t S ^ © X * ti T V \ S o 
[0 0 12] 

> ^^-t S JC lias Cu;()'JMVNe>tiT^»J, I^^t' v?. i: 

C (Diamond Like Carbon) j^^CD-^^M*^?^^ ^ tlT V^ -5 » 
[0013] 

L*^LJS:7b^?>, Ja:feGMR^»y F<?)3@ffi*^^f!fStlT V^<g>^-:^X h U -TIC 
feV^T^i. GMR/\^y F75)'5?^^^-:/JCMLT^ftl(bfe^^^T'S^l&f^&^f 
i:*^^, a^7=--:/h®m$4x-5GMR^^y F(^^#:Mi&®lc±Mbfe^:^^® 

mizmm-^nr^m^bmm^^mmt.<Dmmiz.^^xummti^mn-t&o 
^-i/^^^'iiJ^-sr^Tb^ej, GMR/\>y \^(Dm^mmn^n^^^'it^-^^m 

[0 0.1 4] 

fi&oT> -'7m<Dm^'r'^:fmm^Zi5^^Xlt. GMR^>yF®^ 
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^ S i: v^ o fe^M^^fe o feo 

[0 0 15] 
[0 0 16] 

o 

v^- V > ^* {c j; o T ^^^^ ^^oTVNSii:*^^, mMr^mmm tc J; § 

[0 0 17] 

-erT'*l§0B^CJ3V^T«, ±«&U7t^ll.^JC^J5^T. #tCl§^^ia^^#:i:M^ 

[0 0 18] 
[^ffiS:#?m-r-S fe*?)®#IS] 
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m^MitC u P df)^^f£^J. C u, P d (DM^it^. -ttl^tl ( 1 0 0 - a) , 
a (al±, m^%^m-to ) ULt^H^i::, J^MIBHliS^ a^ 2 5T'^y, M 
fb0SM.a.y^MeffiMtt, N i F e *;tttC oN i F e^^fj^tj, Co, Ni 

o ) tLf^t^iZ. ^<Dm^mmt)\ 0^b^75, IS^c^gS, 5^d^ 
4 0 (b + c + d = 1 0 0®^-%) Lfjt^^CDt't^a 
[0 0 19] 

■t ■§> 75)^«M $ ti « -r -5 ^ tf > & fiS;^ -5 =fe (Z) T' »J , 

#?^'KMtt> C u P t Cu, PtmMit^. ( 1 0 0 - e 

) , e (eli, M^%$:^-to ) ilLfeil^lC, mmmmtiK 5^e^2 0T'S> 
U, ?3S>fb@^Jf:atJf1^^t:e*Mli, ni Fe^fe^CoNi Fe*^e>^U> Co 
, Ni, F e(Dm^it^. -?-tl-etlb, c, d (b, c, d tt, -etl-^'tlS^yo 
^m-To ) ilLfeil^JC, ^CDia^taigffl;^)^, 0^b^75, 15^c^95, 5 
^d^40 (b + c + d = 1 0 OiE^=-%) tfx^^CDH-t^o 
[0 0 2 0] 

:^^m(Dm%m.mm^mm%^^:^ Ficjititi, #n?^«m*^cu Pd^sv^«c 

u P t *^pJ?^^$tlTV^St^(Z)^ Cu^Pd, fe-g) V^ttC u P t (^IM^irb 
, N i F e *feliC o N i F e $:MV^, N i F. e * fettC o N i F e <D|If^it.$: 
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[0 0 2 1] 
[0 0 2 2] 

izMi^xm^<ommRzj^yxitn^^n^^o^x&^o 

3 il^mU -;V4 i:(Z)KT'?S^^T---^2®5I^IlIbS:^f?e)^iSC®:tf-r Kn-^ 5 

a~5 f i:$:=R-fiib, ^%^--:^2t,m^^^A:^mizM^f-t^^oicfjt^tiX 

[0 0 2 3] 

Kn-^ 5 e ^?!/>r Fa-^ 5 f iior^ictt, 
T, 1^^^-y2*«»tt'^t)Stl<5l^>5^n-^5 g ^, -(©fcf^^^a-^ 5 g 
^^^lCi^^^-:/2 $:^^^^^^it^^r^ ^y ^X<5? > 6 Z1(D^-V ^ > 6 5:111 

jEigaft-s^^ >''>^^ 6 a ntf^m^i^nx^^^o 

[0 0 24] 
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So 

[0 0 2 5] 

J:l)fH^ F^A 1 0®^M®^aS9 a. 1 0 a IC, ll&18 0° (D^^mfBHT'^ U :<J 

*fe> F^A 1 OCDiJIvJiffigP 1 0 a(Cti. ?^^7^-:;^2 ^r^f^fSU- F 
iS-f \^10 hijmi-i'^nXiS^). 3(Z)y- F?!/-Y Fl O b }C?{>oT^^^->^2 
la^ F ^ A 9 ® HIiSr |nl IC M b T ^ tC 1- S J: e) IC o T V N S „ 

[0 0 2 6] 

[1IKK^A9 (Z)i51^M®SP9 alCtt, 2{CMbT>©-^®IB#i6#$:ff 

o-M(DmmrsmM.^y fi i a, 1 1 b^, mM.v=---f2izMi^xm^o)n^ 
Wfi^^n'^-Mo^u^mm^^y f i 2 a, 12b m^rnvftv^^nx^^^o 
zn^mmm^M^^^y f 1 1 a^s^xfu^m^^^v f 1 2 a i:, mmmm^ 

F 1 1 biS^X^n^Mmn^y F 1 2 b tit. SV^^C 1 8 0° .(O^^M^^ 
oTllI^F9i^9(Z)^jfffigP9 a (CMlnlSBg$4xTVNSo 

la^Ma^^^y Fl 1 a, 11 hlS^t^n^mm^^V F1 2 a, 12 

3^ -r -5 ^ [61 { c *f L T T i^' V :^ { c l^J C T $4 ^ § <fc e> IC SB « ^ ti T V ^ S . 
[0 0 2 7] 

t^-oT, /s^y F F^i>>7^CfcV^T^±, |lI^F5A9^t>*@^ F^A 1 OCD^M 
sap 9 a, 10 alC»l:f-a^t)$tlfe?^^7^->^*^m2cfi^3JA:&lBjtC:^^f b^;«)^ 

^, mm=e--9 8 tc i uoKF^Ag *<02tfi^ppc:&f^icia^igi&f szi^ijc 
cfcoT, m^}^^2^Qizmm^tir=.-Mo)mmmmu^y 1 1 a. iib^j: 

F 1 2 a. 1 2 b;;t)'^?^^5^-:^2 ilMmt^^^'^^, 

[0 0 2 8] 
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[0 0 2 9] 

n^mizit. mm.'r-^2{zMVX. -^®ll^ffl?g^^^^y K1 2 

h ^ ^ e> & «^ m s o 

-eUT. 3tie>#^M??^^^^y Kl 2 a, 1 2 b75)'5ga#h^^y 

m^m^^^m-t^ ztiz^^x. mM.y^-^2izmm^tir:im^^jS:mmizm 

^•t^z.t.izfjt^„ 

[0 0 3 0] 
[0 0 3 1 ] 

m%m.mmmmm%^y K2 o«, ?^^sB^^^;&^e>(o?^^'B#cD«im$:^Te) 

MR/\>y K^V>e)= ) T'fe-Sc 
[0 0 3 2] 

Zl<©GMR/\^y F2 0 «iig^#$:ffjffi UTlS^S^^r^fe) ^^^t^-tV 

i^^<-M^mmmizmLx^^^o m^x. ±7&Lr:imM.^-'^mmmn^mui 

^CfcV^T^i, GUR^y \^2 0^—M(7yn^mm^^V \^ 1 2 a. 12b^CMV^ 



tliiiE# 2003-3037359 



#2 002-349907 



[0 0 3 3] 

^i(DzirmM2 i±iz. ^mmmm^^miz^i)mm.iy-ji\^m2 4:. gmr 

m2 2 ^iri^xm2(Dnrmu2 3 tf^fi^i)m-f^tit^Mi^^mvx\f^^. 

^fe, -Mo)n^Mm%^v \^ 1 2 a, 12 hit. m%^~-:f2 tmi^-t^m 
i^mmm2 0 at^. msfp^^AizB-tm%^-^2(DMn:smz.^m^xm\Hm^ 

-ebT, GMR/\^y F2 0{i, O^^SS^® 2 0 a ^^ ^^SPlCBltfS^^-V 

^y':fi}m^y^~^2(D^n:^\piii}S^W.^-r^:l]mzMLxrP^:^n d ic/;S;CT 

[0 0 3 4] 

fjtis, -Mo^n^mmu^v ki 2 a. 1 2 b^, m^a^rv-rxneif^i^^ 

nfo—M<Dn^MMM^^^ F 1 2 a, 12b ^t.t&>XGMR^v K2 0 h L/T 
[0 0 3 5] 

zfm2 6 s::^LTGMR^^2 7 ttm^T^^t^nt^mM^^ l^X^^^o 

[0 0 3 6] 

-M(Dm%i/-A^}^M2 4. 2 5tt, GMR^^2 7 ^?^^69lCS/-;i/KfS© 
{C3t^^4'ifig?:^-r-g)«J:i^'f4M:^)^e5^U, =¥-v^y:/jf 2 6 ^^LXGMRm^2 7 

A^GMR^^2 7^C5I^5i^4^JS:V^J:^^calg'rS. "t^t)*), Zl®GMR/\>y 
K2 OXlt. GMR^^2 7fC^UT:B^MI^^(Z)M#1§S#*^-M(Z)?^^i/-;i/ 

FJi2 4, 2 5^c^;?)^tl, n^Mmo^m^m^rc:nti'^GMRm^2 7 y\t.mi)-^n 

So z:tlicj;y. GMRm^2 7(Z)M«iS[#ffi^t>'M*^'J:9'^»|g(©l^-t:*^®e> 
tlTV^S„ 

[0 0 3 7] 



1 1 
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[0 0 3 8] 

GMRm^2 lit. y^\:fyA)V'fm4: 0 LT®l^:^fBl{C^tl'g)-fe 

S ^^tlM U % ® & S o 

[0 0 3 9] 

05 (b) \Z^^ii^\Z. T%Ji4i, ??^>fbSfiM4 5, #S'ffiM4 4, M@ 
^ji4 3, )£5t1^'[£Jf 4 2, feJ:0#M®4 6;b'!, HRr^WM^ tife^jtSr^-tS 
h ^M<55>^t:°>A;i/^M4 0 b, 0 5 (c) \zm^ ^^\z. T^M4 1, EM 
T>mM^2. m'CM'^m^^. ^NaffiM44, 1^^l:Sffi»4 5, #»(4M44. 
a'ffc®SM4 3, S?S1?S'I$S4 2, fe<ktJt^ilM4 6*^ lir->C«M34x;t^5tS: 
;t-r'5f'^T;bM®>^t°>'/'^Vl/yM4 0 c^$:Plf«>^i:*^T'^So 
[0 0 4 0] 

7s\f:y)^}\^^^^mm.t^mm'&m^ 3ii, )KM'[iM4 2{ciiig^bT@2« 

[B] ic 1^ >f b H ^ ^ 4x M i: ^ o T V N -5 o 

?gS'f[:efi»4 5 li. #^^^'[4Jf 4 4 $r:rrbTM®Sji4 3 ii^^s^icpg 

[0 0 4 1 ] 

fiM4 5co?g|^b;?[^jb^a'fb@^M4 3<D?^^b:&i«a{c*fUT> 3S^:&rni i: 
tsi^)L^. z.<r>7s\f.y o ic^*i'5«m<^®tn:fflE*^#>^i:^s- 
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[0 0 4 2] 

[0 0 4 3] 
[0 0 4 4] 

z.mGMKm^2i<Dm^<o^^it^m^r=-^. xtr>A;i/ym4 o® 

;g^;?lBl(5DM^SPlCli, 0 3 fei:t>'H4 (C^-rJ:e)tC, 3® GMR^^ 2 7 {C7\' 
>f T>^l^l^S:Mt--5^«?)®-^(Z)^Al^aM2 8 a, 2 8 b *'^l9:l-j- e> tlT Va§ 

a 

-ebT, z:tl?j-*f05j§cAl?S;SI^2 8 a. 2 8 blCgU^jli^tlfc^i^COiPS*^, 
GMR^^2 7(DS^ ^ijigT wi::^oTVN-So 

^^jIC, CD^^^^ai^ 2 8 a , 2 8b_fcitCti, ^ (7) GM Rlg^ 2 7 (DSi5l 
M^^^i?Si±'5:fe*C5-?^CO<£mi5t:^Cm2 9 a, 2 9 b ^'^fgi^ ^ tlT Vn-So 
[0 0 4 5] 

^fc. GMR^^2 7{Cl±, 7.\^y7^)]yZrm\ZMy7.mM^^^-t^r=.i^0^- 
^C[)#^g|S 3 0 a , 3 0b^\ ^(D— Mtl^r^tl^tl— 2 8 a 
,2 8b. fe<ktJf<S^*t^t:M2 9 a, 2 9 b IcSi^-T S J: e> tcfgl-t ^tlT V%-g>„ 

Sfc, #^iisg|S3 0 a> 3 0 b CDftfiJgSPWJCli, :51^g|5iaji«&ilg^i^3 tlS^^CD^ 
BPg^^Mi^^S la, 3 1 b*^igt-t ?>tlTV^So 
[0 0 4 6] 

-^^1^2 2li, GMR/\^y F2 0 1 (DnraSM2 1(7)^®^^ 

nmmm^^^ I z ihij'^^m^z.^tim^^^^^xm.m.t^iimi. ^<^g 

MR/\^y F2 Oti^mm.-^tx^r^mKDnrmU^ l i:||2(©=lTSPM2 3 ilSrg^^ 
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[0 0 4 7] 

®3 feJ:?;fS4 {C^-tGMR/\>y F2 Oti, # ^"t < f § 

mz. GMR^^2 7CDMjaS:*£:^bTiamStlTV%S*^, Hl^lCli, ||1CD3 
Tgm2 1 ^<i:r>*m2 0[)3rg|J#2 3 {CJt«ebTGMR^^ 2 7 
I^MT'feU. 2 0 a ^CJ3V^T, GM R /\ F 2 0 :^)^^g|$^Ci^|t^(D {±, 

«i:^iflll <5Diir^W2 1 i:^2©nrSP#2 3 i:*^g;g^-^t)$4x7^J:M® 

[0 0 4 8] 

±«EbfecI:e)lC#fife$ti-5GMR/\^y K2 0 li, ^^y^^-^ (H^-tirT) IZ 

i^iit:immm'f'tm%mizmm^n^o 

-eLT, ^^-;^lC^l-te>tlfeGMR/\»y K2 0«, -^(DS^m?^^'N 
>yK12a. 12bi:LT> H 2 IC^i-telte A 9 ic5l U ^4x§o 
[0 0 4 9] 

iizia-e. ?gS^-r-:/|g«i IcJsvNTli, GMR/\y K2 o*^l^^7^-::^2ic 

\^(Dmi^MW}M2 0 afC, DLC (Diamond Like Carbon) H^O^^^M^?^ 
[0 0 5 0] 

ts^fs^^^zm^X. 2p;#§^coGMR/\>y F2 Oli, ?^^7^-:;''2 iiMttt-'S^ 
[0 0 5 1] 
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^7^, ;53t^^'[^M4 2 li, PtMiKDftfi, lif:^'ffi{C#tlfeN i O-^. I rMn 
, CrMnPt, a-FegOg. RhMn, NiMn, P d P t M n^^rii^t- 

[0 0 5 2] 

ow^mii^a^-rc u p d ^feiic u p t sr^siM-t^o 

#lS^ffiM4 4*^ CuP diZ^Vm^-^tl^^iDft^H^i^lt. C u il P d 
h(3DMfKJtli, ^n-?*4x (10 0-a) , a (ait. m^%^^-t. ) t.hf=.t. 
5^ a^2 5 i:;5j-&3i:75)W^ $ e)(Cli5 ^ a^ 2 O-rfeSr ilA^M 

*?S^ttM4 4jb^ Cu P t {c j; y#^$tiS=b«)i:f -5i:^ic«, Cu 
P t h<3DMfiK)tli. -etl^tl (10 0-e) , e ( e tt. M^%^^i"o ) 
Lfei:^, 5 ^ e ^ 2 0 il^^r ilT^W^ ^^ICliS^e^ 1 ST'fe^d 

[0 0 5 3] 

^U^^mziS\^X\%. Wmi^mnm (she : standard Hydrogen El 
ectrode) S: fi^-^mii ^ b T > ^SO. 1 k«ol/L(Z)N a C 1 ^?RcfJlC?RSS-ft7£: 
il ^ ic ^ 4x <5> ^m7K^«S ^ -r ^ ic o V \ T li^ b o 

[0 0 5 4] 

a C l^?g^S:^V^fc^-^<DJ^:^«fe^CoV^Til!I^b^o 
[0 0 5 5] 

^m-kW^mxit. #Hgmffii:bTAg - AgC 1 5:Mv^, ?ra^«^i:b 
TPtl:Mv^, (7^2 0°C) T'(Z)j|S:^«^<©iaiSS:^?ofco ^bT, 
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ntcim-^n^io^ib^mTi^mnm (she) y^omiE^n^^ zti^:$imik^mz 

o 

[0 0 5 6] 

4 3j^xfmit^mm4: 5 ^imnm4: 4 ^i;\-Lxmmvtcmmmx<DmM. 

o 

[0 0 5 7] 

^7^, mmmmic-js\>^xi,t. ±mLt=.mMmx(^^^. mt^izm^mm^^^ 

[0 0 5 8] 
[0 0 5 9] 

+ 0. 4 [V vs SHE] J^JilCT&^i:, ^1^4 0<^)*®lc^:^(D5§^*^ 

m^n.'&iS^+o. 4 [V vs SHE] J: y %<B<^Si:, X ii°>>'^;i/:^'m4 0 



1 6 
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[0 0 6 0] 

. 4 [V vs sm&.±ilfj:^Z.t.f)m^L^\ ^.tliZj^i). GMR^y \^X*ltX\£ 
[0 0 6 1] 

mz, 7.\^yA;]/-:fm^MfSt't:s>im^M4 4^. c u P d ifelic u p t ic 

[0 0 6 2] 

c u izM-ts p d <DmMM^M^t^-&r=.^o)4¥m^m4 4 (Dmmy!<^mnmizM 
m^^msizB-to 

[0 0 6 3] 

mi iz^-t^oiz. Cutc^-rsP d(Z)^}(jD*i:j^:^Sfei:lii5i$i:bMM#lc 
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